Abstract
Introduction
Oil drilling has encountered increasingly challenging scenarios due to the difficulty of finding large oil reserves; moreover, the operational window associated with these scenarios has become increasingly narrow. Thus, to provide continuity of oil exploration in Iran , it is necessary to critically analyze the processes involved and search for ways to optimize them [1] . During the drilling process, a fluid is used to remove the cuttings generated by the bit from the well. With the evolution of the drilling process, several types of drilling fluids emerged. The classification of a drilling fluid is most commonly made on the basis of its composition [2] . These fluids are classified into water-based fluids (WBFs) and non-aqueous fluids (NAFs). NAFs are classified as synthetic or oil-based fluids. Synthetic drilling fluids are chemical formulations, while oil-based fluids are petroleum derivatives [3] . More costly oilbased muds were used which were usually more stable than the water-based mud (when drilling a deep well at high temperatures) [4] . Oil-based mud was more advantageous to use when drilling into subterranean formations which contain water swell able clays in as much as being damaged by water contact. Because of their comparatively lower cost and good availability, crude oil petroleum and diesel oil had been used in the formation of oil-based mud [5] . All such petroleum-based oils used for drilling mud contain relatively large amounts of aromatics and at least a substantial concentration of n-olefins both of which may be harmful or toxic to animal and plant life. The drilling industry had developed several types of synthetic-based muds (SBMs) that combine the desirable operating qualities of the oil-based mud, lower the toxicity and environmental impact qualities of the waterbased mud. It could also, improve the drilling efficiency without polluting the subsurface structures. Synthetic-based fluids are drilling fluids whose base fluid consisted of non-water soluble organic compounds and where neither the base fluid nor the additives were of petroleum origin. Thus, they are environmentally friendly, have high biodegradability and have lower toxicity. Synthetic based fluids were classified into four general categories: synthetic hydrocarbons, ethers, esters and acetals. Ester-based drilling fluids had been recognized for providing the best environmental performance of any synthetic based fluids and also they are fully biodegradable fluids. The rheological properties, the thermal stability and the filtration of the synthetic based mud were the most frequently used methods for selecting the best synthetic ester based mud [6, 7] .
In oil well drilling operations, two types of drilling fluids are generally utilized, waterbased drilling and invert emulsion drilling fluids. The most commonly used additive to viscosity an oil based drilling fluid is organophilic clay. The use of organophilic clay in the drilling fluid, however, has some disadvantages. The utility of organophilic clay to viscosity the low aromatic, high paraffin oil muds which are considered safer to marine life than the traditional diesel oil-based fluids is limited. In the absence of heat and/or high shear mixing, excess organophilic clay is needed to provide viscosity to the mud prior to its equilibration in the drilling system. Also, the quaternary ammonium salts from which the clays are prepared are generally thought to be toxic to aquatic organisms [8] .
Oil based mud systems have long been the fluids of choice for many operators. These systems have been consistently proven as technically superior to conventional water based muds in the areas of borehole stability, ionic inhibition, rate of penetration, cuttings condition and sticking avoidance. Principally, the beneficial technical attributes are derived from the continuous organic phase and with the benefits being inherent in the base fluid, these muds are often considered easier to maintain and more tolerant to contaminants such as drill solids.
Baroid and Baker Hughes provided the most detailed recommended specifications for synthetic-base drilling muds. Tables 1 and 2 contain those mud property specifications for their SBM systems being utilized in Gulf of Mexico deep water drilling operations. The gel strengths listed in Table 2 are for 10 seconds, 10 minutes and 30 minutes, respectively [9] . 
Material and experimental techniques

Test Methods
Standard methods as outlined in API RP RB 13B-2 were used to test laboratory test fluids and evaluate their conventional drilling fluid properties such as plastic viscosity (PV), yield point (YP), 10-minutes and 10 seconds el strengths, electrical stability (ES), and hightemperature, high-pressure fluid loss (HTHP FL.). All samples were prepared according to the American Petroleum Institute [10] . All additives for ester based mud were obtained from the Baroid Company.
Drilling Fluid Materials
The A wetting agent was added primarily to increase the suspension of the solids to be wet by the synthetic base fluid. The wetting agent concentration was also determined from the results of previous experiments. An emulsifier was added to keep the water-in-oil emulsion stable and to keep solids oil-wet. A low shear rate viscosifier was included to raise the low shear rate viscosity to improve cuttings and barite suspension properties. This liquid must be added with specific amounts of lime. Therefore, lime was added to ensure that both the low shear rate viscosifier and the emulsifier performed as intended.
Even though the cost of Gilsonite has increased recently, it is still one f the most economical Fluid Loss Control additives for invert emulsion drilling fluids. Also, Gilsonite is a very versatile FLC additive for different temperatures due to its versatility and relatively low cost, there is the issue of potential formation damage which has made various papers to be written concerning formation damage and formation damage mechanisms while utilizing Gilsonite. However, formation damage by Gilsonite depends upon the type of formation drilled, fluid formulation and quality of Gilsonite. Gilsonite also has other performance-related issues-once the Gilsonite melts or dissolves, it contributes to high viscosity and gel strengths in the drilling fluid without contributing to fluid loss properties. The biggest drawback of Gilsonite is environmental concerns.
To overcome some of the aforementioned problems, such as environmental concerns, performance limitations, economic disadvantages and formation damage issues, a new amine-treated quebracho (ATQ) has been developed. This ATQ is completely soluble to dispersible in most based fluids. This product is stable to temperatures n excess of 400 O F and performs well in a variety of drilling fluid formulations. The product is prepared from readily available naturally occurring quebracho and naturally occurring fatty acid derived fatty amine. ATQ is relatively nontoxic to marine environment and is HSE friendly. The performance of ATQ with respect to its fluid-loss control properties and formation damage is better than the traditional additives including Gilsonite. For two mud formulations, all chemical additives were added slowly using stirring and mixed well in the mixer. The components and concentrations used to formulate these fluids are given in Table 3 . 
Rheological properties
The rheology of the fluid was characterized in terms of PV, YP and LSYP of the invert emulsion drilling fluid. In this study the YP is obtained from the BinghamPlastic rheological model when extrapolated to a shear rate of zero. The PV represents the viscosity of a fluid when extrapolated to infinite shear rate. Both PV and YP are calculated using 300 revolutions per minute (rpm) and 600-rpm shear rate readings on a standard oilfield viscometer as given in Equations 2 and 3. The yield stress is the stress that must be applied to a material to make it begin to flow (or yield), and it is calculated from viscometer dial readings measured at rates of 3, 6, 100, 200, 300 and 600 rpm. The extrapolation in this case may be performed by applying a curve fit to the Herschel-Bulkley rheological model. The LSYP can be estimated reasonably by Equation 4 . 
The gels formed in the IEF were characterized by the 10-min gel strength, which represents dial reading inflection at 3 rpm on the viscometer, after keeping the IEF static for an interval of 10 min.
Gel strength measurements were performed on a Brookfield viscometer. The procedure uses the Brookfield DV-II + Programmable Viscometer to measure gel strengths with a vane spindle. The test allows for a more detailed description of the gel structure and uses much lower revolution speeds than the 12-speed standard oilfield viscometer. In a typically experiment, a 0.5 rpm shear is applied to break the gels formed at defined intervals of 10 and 30 min [10] [11] [12] [13] .
Results and Discussion
Effect of formulation: to demonstrate the effectiveness and compatibility of drilling fluid systems, these drilling fluids were prepared according to standard OBM mixing procedure.
These fluids were hot rolled at 250 o F for 16 hours. After heat aging, the rheological properties of the test fluids were measured with using a fann 35 rheometer at 120 o F. The HTHP filtration tests were conducted using high-pressure cells at 250 o F with 500-psi differential pressure. Figure 1 shows the rheological properties and figure 2 shows the HTHP fluid loss properties of the heat aged fluids.
Temperature Stability of ATQ type of Synthetic-Based Drilling Fluid: Thermal stability of a drilling fluid is considered to be an important aspect of drilling fluid. Most of the drilling fluid formulations are stable in the range of 250 to 300 o F.
However once temperatures exceed 300 O F, then thermal stability of the fluid formulation and additives becomes an issue. 2-The effect of temperature on the rheological properties of new ester-based mud (AQ) formulated with the amine treated quebracho that show a slight decrease with increasing temperature compared to usual ester-based mud formulated with Polymeric Agent, also it is stable at high temperature and pressure with continuous circulation (thermal stability).
3-Gel strength of ester-based muds formulated with the amine treated quebracho showed a gradual decrease by increasing temperature as the usual ester-based mud formulated with Polymeric Agent.
4-Filtration properties of ester-based muds formulated with the amine treated quebracho showed less filter loss compared to the polymeric agent ester-based mud.
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